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SUMMARY

" A supersonic Inlet with supersonic deceleration of the flow
entirely outside of the inlet is considered. A particular srrange-
ment with fixed geometry having a central body with a circular
emular inteke is analyzed, and it is shown theoretically that
this errangement gives high pressure recovery for a large range of
Mach number and mase flow and therefore ig practical for use on
superscnic airplanes end misgiles. For some Mach rumberse the drag
ccefficlent for this type of inlet is larger thah the drag coeffi-
cient for the type of Inlet with supersonic camprossion entirely
ingide, but the pressure recovery is larger far all flight condl-
tions. The differences in drag can be sliminated for the design
Hach number. : '

Experimental results confirm the results of the theoretical
analysis and show that pressure recoveries of 95 percent for Mach
ntmoers of 1.33 and 1.52, 92 percent For a Mach numter of 1.72,
and 86 percent for a Mach number of 2.10 are possible with the
configurations considered.

If.the mass Plow decreases ; the total drag coofficient
increases graduslly and the pressure recovery does not change
appreciably. : ' ' .

INTRODUCTTON

The deceleration of air fram superdonic to subsonic Mach
numbers is an important problem that is encounbered in the deslign
of supersonic ram Jets and. turbojets. Tho posgibility of the
Practical use of the ram-Jet or turbojet systems for. airplanes
depends to a large oxtent on the high preseure reéovory of the
air inlet. (Soe referonce 1.)

o SR
UNCLASSIFIED



LNCLASSIFIED
Or e n Ty

SRR NACA RM No. L&I3L

n

An inlet designed so that all the supersonlc part of the
compression was internal was snalyzed in reference 2, which showed
that it 1s possible to obtaln high pressure recovery if the Mach
number corresponds to the design Mach number ond the mass flow
corresponds to the design mass flow. Reference 2 slso showed that
the pressure recavery decreases notably and =bruptly if the Mach
number and the mass flow which must go into the inlet decrease
from the values fixed for the desi/m conditlons. The external
drag which can be vory smell for the design conditioms (fig. 1{a)),
a8 is shown in reference 1, changes suddenly, =lso, and becomos
very lsrge when the Mach numiber or the mesg flow decreases from
the values fixzed for the deslgn conditilona becauso in this caso &
strong shock occurs in front of the inlet (fig. 1{b)). The pros-
sure recovery also decreases rapldly if the Mach number 1g incroased
in comparison with the deslign Mach number.

The limitation of the sterting conditions Tixes the maximum
pogsible contraction ratia of tho diffuser that parmite the normal
ghock to enter. A strong shock inevitably occurs inside the dif-
fuser in the divergent part and limite the maximum obtainabl
pressure rocovery. The subsonic losses are also large bocause the
strong shock tends teo produce secparation.

When the free-stream Mach muber is lowor thsn the design
Mach mumber and the free-stresm Mach mumber is attezined by
decreasing speed from a Mech number higher than the deslgn Mcch
mmber, two equilibrium conditions are possible and it 1s
possible to pass from one condition to the other with an abrupt
Junp of flow characterlstics. The reason for this Jump, which can
be dangerous for a supersonic airpleane, is ag follows: If the
Mach nmumber is higher than the design Mach nmumbor and the strong
shock is inside the inlet, when the free-streem Mach number
decreases, the limitation of the gtarting conditions no laonger
exlasts because the strong shock has passod the minimm ssction and
therefore the contraction ratioc can be smallor than the fixed value
Tor starting; the converging part of the diffusur ramaing eupor-
sonlc even though thoe Mach nwber is lowor than the design Mach
number. Thie condition is only partially stable, howover, and it
is posaible to pass abruptly from this condition to the stuble
candition having a normal shock 1n front. When the Ilntcrnal shock
is near tho minimum aection, 1f the back pregsuro is increased
alightly tho internal shock Jumps outslde the inlot and remains
in this position beceuso tho contraction ratio of tho diffusor is
too emall to pormit the shock to go inside agsin. The peseage
from one equilibrium condition to the other produces abrupt changos
in the valuee of mese flow, drag, and progsure recovery, varia-
tions which incroase if the differcnce betwoen the flight Mach
number and the astarting Mach number increases,
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These phenomens are charccteristic of the diffuser having
fixed geometry and intermal supersonic compression. It is there-
fore natural to think that betber results can be obtained with
either variable-gecmetry diffusers or diffusers with external
supersonic compression. Soms work in this direction was started
at Gottingen and was presented by Uswatitsch end Bolm (refer-
ences 3 and 4). Before the Oswatitsch work wos nown in the
United States, independent work in this field was begun by
the NACA using different criteria. Some results of this work are
summexized in the present report.

The problem that Oswatitach had in mind wes the deslign of
an ailr inlet for mlsailes that muast operate only at high Mach
numbers and therefore must have high pressure recovery and low
dreg in this Mach nwmbor range., He thersfore chose & compromise
between external asnd internsl compression for his inlet. In his
campromige the dlsadvaentages of the type of inlet with 811 intermal -
compression were reduced but not eliminatod. For his problem,
however,. these disadvantages did not produce any inconveniences.
In the NACA work the problem wes the deeign of. axx Inlet for a
supersonic alrplano, which requires & large oporating rangs of
Mach number and continuity of flow phenomens. The range of Mach
number was lover than the range considered by Oswatitsch. An
inlet which had all exbternal supersonic coupression for the condi-
tion of optimm pressure recovery was thersfure chosen.

As will be shown in the analyeis of this type of inlet, the
use of all externel supersonic compression gives the following
advantages and disadvantages in camparison with the preceding
types of inlek:

(a) The inlet with constant geometry can operste with high
Pressure recovery for a large Mach number ranze.

(b) The inlet does not present discontinuities of pressure
recovery for large variations of mess flow. If the mess flow is
decreased, the drag Increszses more graduselly and ig less than for
the other Xnown t}mas of inlet and the prossure reccvery remeins
high. _ -

(c) The inlet does not heve two stable conditions of sgui-
1libriwm for some range of Mach number.

(&) The inlet is not sensitive to small variations of angle
of attack.

(o) The external drag in genoral is larger bscause a stronger
shock must be produced outside. In e supersonlc airplans, howsver,
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it is pomsible toc use the external compression produced by some
parts of the airplane independently of the type of inlet chosen
or, In other words, it is possible to locate the inlet In a zane
in which the flow 18 decelerated by the presence of scme part of
the airplane. In this case the increase In drag duwe to the
external compression of the Inlet can be reduced.

SYMBOLS

M Mach number

P Iressure

nm mass flow

e c angle of comne of central body

8g angle of conicel shock

e, cowling-position parameter, angle between axis of inlet and
. gtraight line that comnects vertex of cone with lip of
cowling (see fig. 2}

CDe extornal pressure-draeg coefflicient

CDa additive ~drag coefficlient

P direction of streamline -
Subscripte:

o initial stagnation conditions
1 freeo-stream condltions

2, 3 stations

th

final conditlons (stagnation conditions after deceleration
into inlet)
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THEORETICAL, ANALYSIS

Asrodynemic deslen of the -inlet.- An amnlar circular inlet
having & central body was considered for the thecretical analysls.
This errangement wae chosen because 1t could be practically used
in front of the fuselage of supersonic airplenes or missiles and
because a complete theoretical anzlysis of the supersonic part
of the flow was possible for a circular inlet. ¥For this arrange~
ment an evelustion of the pressure recovery that can be obtained
in the supersonic part of the compresslon and of the external drsg
of the inlet is possible, and hence a camperigon with the other
types of inlet can be made.

The frontal type of inlet permits the avolding or reducing
of the interference hetwoen shock and boundary leyer which usually
produces separation, intorference which can oxist when the inlet
is not of the frontal type. Because tho serodynamic prinelple of
this Inlet does nét necessarily involve the use of a circuler body,
it must be possible to apply the same principle and obtain similar
resulis with an inlet placed on a noncircular fuselage. The
practical desigm bocomes much more complicated, howeover, bocause
the phenomens cammot be analyzed theoreticelly at present.

The geometrical arrangement analyzed isg sghown in figure 2. A
central body placed in front of the inlet produces a deceleration
of the flow so that the flow at the inlet has & low supersonic or
high subsonic speed. The diffuser has a divergent section and
therefore the deceleration from supersonic Mach numbsr to siubsonic
Mach mumber must ogcur with a strong shock. When the pressurs at
the end of the diffuser corresponds to the optimm condibtion, the
strong shock is at the 1lip of the inlet. :

The diffusion losses’ can be dlvided Intc two ports, the losses
for decelerating the {low from supersonic to subsonic Mach numbers
and the subsonic losses. The supersonic losses depend principally on
the losses across the shock waves while tho subsonic losses depend m
friction and meparatlon. For flight Mach nmumbers of thc order of 1.3
to 2.0 the kinetic energy of the flow at subsonlc Mach nwmbers is an
Important purt of tho totel kinetlc enorgy of thoe fiow and therefors
the subsonic diffuser must be consldered in the analysis.

The losses in the supersonic nart of the compreesion dspend
on the logses acrose the comlcal shock and the losses across the
strong shock. The conical compression 1B very efficlent because
part of the compression behind the conical shock cccurs isentropi-
cally and because the compression occurs before ths boundary layer
is formed on the centrael body} thus the increase of pressure does
not affect the bDoundary-lsyer thickness. The shock at the entrance
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is lese efficient because it is a strong shock and tends to produce
geperation of the boundary layer, thus decressing the aubsonlc
efficiency. TFor this resson the conlcal compression considered is
always a large part of the supersonic compressicn; therefore, large
cone angles are consldered. '

Theoretically it i1s possible to obtain compression in front
of the inlet more graduslly and thus to reduce ar eliminste the
losses of the conical campression. In this ccse, huwever, the
boundary layer at the surface cof the central body undergoes a
strong wifavorable pressure gradient, -and the centaral body must
be much longer to avold large external drag and to have tho envelope
of the compression weves near the lip of the cowling. This condl-
tion is neceossary to avold high drng, as will be oxplainod later.
The phenomena. in the boundary laycyr corresponding to the strong.
shock, for the precceding reasons,; become more cribtical and the .
subsonic officiency can decroage notably. With a body desianed for
credual compression, 1t also becomes difficult to aveid debached
shocks of Mach nuniber's lowsr than the design Mach number. For -
this roason large incresses of pressure recovery cannob be. expected
in the Mach nimboer range considered by using fradual frontal com-
presglion and low-dreg design. Thus, this typo of. cumprcssion is
not considared :Ln this preliminary investigation.

In order to define the geom_eh:'y of- the inlet 1t is necessary
to fix the cone angle and the shape anil location of the cowling.
The come angle must be fixed in such a way as to obhain high
presoure recovery, and the position and shape of the cowling must
be fixed in such & way as to reduce the external drag.

The coniccl shock prodiced by the cone exbenda beyond the
radius of the stream tube which enbters the inlet and therefore
produces. an increase of emtropy in. tho. exrterncl flow, thus
gonerating external drag. .The gbream tybe which onters the inlet
cen be detormined om the basis of cone theory (reforonces 5 and 6);
thus the striamline AB (fig. ) vhich divides the externzl flow
from the internal fIow can be détermined. If the conical shock -
is far from the 1ip of the cowling, the dismoter of the strosm
tube AA of the undisturbed flow is loss than tho 3fzmeter BB at
the lip and,. because the pressube alonsg tho purface AB ia greater
than the free-~stream pressure, the resultent of tho prescure
along AB glves a force that doos not exist for the type of inlet
with internsl supcrsonic ccmpresclui. If the Impulee-momonbtum law
is applied +to the stream tube which entors tho Inlet, thls forco
roesulte as an additive drag that exists for the inlct with external
supersonic compresslion and does. not appoar In tho considoration of
Pressure recovery. The existonce of the additive drag can de
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visualized if the cowling is consldered to be extended along stream
tube AB. In this case the asrodynemic phencmens Inside and outside
the inlet do not changs and are mimilar to the phencriena for an
inlet with Intermal compression, but the pressure along AB. gives

a force that corresponds toc additive drag. This drag is & func-
tlon of the difference in diameter between AA &nd BB and becomes
zero when the lip is at points A. In this case the condition
of the inlet is analogous %o that of the irlet with internal com-
presslon and thls drag disappsara., . ) :

For a gi.ven cone the 1lip of the cowling can hsve many posi-
tions that can be defined by the angle 61 wuich is the angle

formed by a line from the vertex of the come to the lip of the
cowling and the cone axis. In orfsr to decreasc the addlitive drag
the angle 0, must be the meximm poggible. With external super-

sonic compression, thus the value of 8, considered for the inlet
must be very necar to the value of the angle of {,116 conical shock &g
gt the maximum Mzch number considored.

The extermal dircction of tho' cowling st the lip must be
chogen in such & way a8 to avoid other externszi shocks which would
increase the external drag; thereflore, the externsal -direction should
be tangent to the streemline. The internal part of the cowling must
be designed in such a way as to avoid a detsched shock at tho lip
for the Mach number range considercd because a detached shock also
extends outsids of tho cowling; therofore, the direction must be
approximately tangent to the stresmline and the 1lip of the cowling
must be sharp ‘m.th the minimm possi‘ble anglo at the ed.gs of the
lip. .

The flow conditioues st different Mach mumbers and for Jif-
ferent masa-flow conditions.- If the diffuser is designed for the

maximum operating Mach number, when the Mach mmber is reduced the
conlcal shock angle increases and the shock at the 1ip becomes less
intense. Because the length of the streamline between the shock
and the llp Iincresses, the sdditive-drag coefficlent increases.
The additive internal drag and the maximum pressure recovery that
can be obtained for a fixed-geometry inlet snd therefore for given
valuss of - @, end: 97, can be determined analytically. Some

results of the calculations are shown in figures 3 tc 5. In
figure 3 the additive intermsl dregz coefficilent is calculated for
two values of €, and for diffeurent Mach numbers ag a function

of 61. The rofeorence surface uged for calcule.ting the drag coef-

ficient was the maximm cross-sectionel srea of the inlet which
corresponds to 1.515 timeos the dlameter of tho froe-stream tube
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which enters the inlet &t a Mach number of 1.65 {the Mach number

at the end of the diffuser was of the order of 0.24). In figure 4
the values of the angle of the shock as a functlion of the stream
Mach number for different cones l1s shown.

As 1s shown in figure 3 the additive-drag coefficlent increases
if the Mach number decrcases from the value of the Mach number '
corresponding to the design conditions, 1f the cone angle increaaes 3
and 1f the value of 6y decreases.

The theorctical maximm pressure recovery that can be cbtalned
is shown in figure 5. The values are detormined on tho assumption
that no frictlon or separation loeses oxist. For camparison,
analogous values detormined in referonce 2 for an lnlet with
internal compression aro shown. The presaurse rocovery decroacos 1f
the cone angle decroasos, and. decreases slightly 1f tho value of 6y

increases (othor ‘conditions remaining tho same) beciuse the Mach
numbor at the 1lip of the cowling (points B of fig. &) incresses and
thorefore the average Mach mumber at the intake Increasco. The
variation of the supersonlic prossure recovory ls gradual and for
all Mzch nmmbers s higher than the corresponding v=lues for the
Inlet. with internal compression. For Mach numbers of tho ordor

of 2 the differences can be of the order of 15 porcont.

If the subsonic losses are considered, the value of the pres-
sure recovery must decrease notably. The differences must be
larger .for higher Mach numbers and for smaller cone angles, bscause:
the Mach number at the surface of the cone increases i1f the free-
stream Msch number increeses and i1f @, decrcasos; thus the shock

et the entrance becames stronger and the separation can ho more
severe: In figure & the Mach number on tho come surface is given
for different cone .angles as & function of the Creo-stresm Mach .
number. It can be expected that tho subsonic lossdos for the inlet
with the cential body will be of tho sameo trder as the loassca for
tue inlet with lnternasl campressiont for the inlet with the - - '
centrel body. the wotted surfaces uro larger and the subsonic com- . -
prression is much stronger (beglnning with higher Mach numbers)
but. the shock and the corresponding presswre gradlent at the
boginning of the subsopic diffuser aremuth weaker; thoroforo,
difforences of the semov order as tha theorotical values can be -
oxpected practically.

Ag the Mach nwiber changes, the dirsction of the streamline

&t the lip of The cowling romains practically comstant and there-
Tore no important shocks or expansions occur st the lip when thae
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Mach mumber changes. Xilgure T shows the direction of the stream-
line ¢ a8 a func¢tion of 63 for Gifferent Mach numbers and cone

angles 6.,

When the flight Mach number decreases, the maximum diameter
of the free-stream tube which can go Into the inlet decreases and
the amount of the varlation of the dlameter increasses vhen the cone
engle Increases. In the type of inlet with Inbternal supersonic
campresslion the diameter remains constant when the Mach number
increases in comparlison witk the starting Mach mumber and decreases
1f the Mach number decreases in comparison with this valus. In
figure 8 the maximm diameter of the free-stream tube corresponding
to ths internal flow 1s given as & functlon of the free-stream
Mach number and the cone angle. The values for the inlet wilth intermal
compression are alsc shown.

The maximim mess flow vhich enters the inlet with a central
body for a given Mach number and altitude cannot be incressed
without changing the geomstry of the iniet, but 1t can be decreasod
wlth less Incrcease of drag than for an inlet with intermal com-
Pression and without any chenge of pressure rocovery. The varia-
tion of the mass flow for the inlet with extern=l compression is
gimilar to that of the inlet with internal camprcsegion st lower
Mach numbers. If the pressure at the end of the diffuser is
increased, the normal shock is pushed outaside the inlet and the
dimensions of ‘the frec-stream tube whrich ontors tho inlet deocrease.
(Seec fig. 9.) When the strong shock moves outside, the prossure
recovery does not change appreciably because the variation of Mach
numbter in front of the shock and therefore the vasrlation of the
intensity of the shock 1s very smsll. The stronz shock also
extends outasids, but the intensity ls emall and therefore the
variation of externel drag is small and of dlfferent omder than
for the type of inlet wlth internmsl ccmpression. If the varistion
of mass flow occurs at low Mach numbers and the flow st the
entrance is subsonic, the variation of the mass flow must cause
the .shape. of the conical shock to changs, thus increasing thoe
curvature greduslly.

If the angle of attack of ‘the inlot is changed slightly, the
Pressure recovery and the externa.l drag cannct change apprecisbly
because the conical-flow phenoména are not very gensitive to amall
variations of angle of attack. The intensity of the shock mat
Increase on the side in which the deviation of thie siream produced.
by the cone increases and must decreases on the cgpposite side;
thereforc, the pressure recovery must not change although the
external drag must incresse slightly.
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The external .drag.- In ordsr to have a camplete analysls of
the problem,an estimate of the external drag of the Inlet with
external campression must be made. Beceuse the shock produced by
the cone ls strong, the Incresse of pressure on the external 1lip
of the cowling is large and therefore glves the impression that
the external drag must alsc be very large. In arder to meke a
copparison and to obbaln some criteria for designing the external
part cf the iniet, the pregsure ai stribution was determined for
difforent external 1ip shepes for valuss of 8, of 429 and 46° at

a Mach nmmber. of 1.65 for a 30° cone. The caloulstions werce made
by use of the characteristics system descrlbed In referenco T.

Because 1t was nocessary to. know the leongth and the maximum
diameter of the inlet to determine its externsl shape, a poseible
dosign was made by use of the following data: the Mach numbor at
the maximum section was fixed at O.2U4; therefore, tho ratio of the
maxlmum.dlameter to the dlameter of the froe-stream tubo. vas equal
to 1.515 for a.Mach nwmber of 1.65. The longth of the cowling was
determined on the basis of the intermal diffusion and was fixed
at a value of the order of 3 dlamsters. For compsrison an inlet
wlth internal compression and with the same dosign conditions was
analyzed. For evary angls 91 two oxternal shapoas ware doaigxed. .

(See fig. 10.) All external shapes for the inlet with extornal .
compreagion -have the same directlon asg. the streamline at the lip
of the cowling, but the first cowling changes -direction gradually
noear the lip and then changes direction rapldly and becomes tangent
to thé cylinder while the second hag a stron: variation of direc-
tion (e corresponding to the maximum poassible practic*’lly) near the
1lip which continues more graduslly wmtil. the cowling becomses ’cangan'b
to the cylind.ar at a distance of 2.5 diamcters. -

The two d‘esif'gls vere fixed on the basis of the following
aerodynamic criteria: - The streamline reached the 1lip of the
cowling with high pressure and low velocity end made an angle with
the free-stréam veloclity. If it woro possible to produce a devia-
tion of expansion at the 1ip equel Lo the difference In diroction
between the free-stream direction and the dirschion of the Flow
at the 1lip, the pressure would decroasse abruptly and becoms less
than free-siream prossure because the expansion would qccwr -
locally with the two-dimensional law: In this casc the pressure
along the cowling would lster increase agaln butb-the value would
remain low and therefore the external pressure drag.of the body
would be very loWw. Accordingly the first extornal shape was
designed with the 1dea of producing the mexinum possible practical
oxpansion of the flow irn such a way &g -to reduce the proessure to
a low value on the extornal part of the cowling. Tho second shape
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was designed to have less expansion nesr the 1ip and larger expan-
sion farther back and the pressure was calculated in order to determine
the differense in drag and the imporitance of producing a large expan~
gsion near the lip.

The results of the calculations are summsrized in the following
table in which some values for a Mach number of 2 are also indi-
cated. The dats for Mach number 2 have boen obtained less ex=sctly
than the values for Mach mumber 1.65 but the results have sufficlent
accuracy for the analysis.

Inlet with external compression
9, =30°, M=1.65
cDe
- Shepe
3 o
1 0.033 0.025
2 ' 073 -079
6, =30° M=2
1 {0 0.029 | 0.02k
Inlet with inbternal compression
(naving 4° inclination)
Mach
nvmbexr G‘De
1.65 ) 0.033
2.00 C ' 028

- As is shown in the table, the values of the external drag can
cheange aprrecisbly with the external shape. The values of the
external-drag coefficient change slightly when the value of 8,

changes (the frontal area of the. cowling incrasses for the ssme
mags filow when the valus of 97, increases) bubt the drsg remsins

small and is of the same order of magnitude =s for the other type
of inlet if the design is correct. The variations of external drag
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correeponding to the variation of @, are much smeller than the
carresponding variations of the additive~drag coefficient.

For the inlets with external compression 1t 18 necessary to
add to the externsl drag the additive drag, which is glven in the
following table:

Cp
Mach _a
numnbex o _ o
| 6, =w° 6, = u6° i 9, = b7.5 8, = 56°
1.6 0.108 .-7—05060 ---------- 0
2.00 .05h 010 0 = | eeeweee—-

As 1s shown in this teble, the additive drag is very importani;
therofore, it is necessery to choose the valus of 68, on the basis

of the maximum flight Mach number, very ncar to tho valus of 64.

The preceding consideratlions show that for svery Mach number
there exlists a value of 6; equal to the value of 64 for which

the additive-drag coefficlent is zero. It is evident, therefore,
that the wvalue of the additive drag can be docreessed notably at
Mach numbers lower than the desigm Mach mumbex without changing the
value of the pressure rocovery if an Inlet is usod that pexrmits scme
variation of the value of 64 by moving tho position of the central

bﬁyl
TEST RESULTS

Becauge the theorectlical analysis has shown thet very high
presgure recovery must bo cxpected with ths srrengomont considored,
an experimentel investigation was made to check the rosults of the
calculations.  The teste were made in an intermitiont Jet .used for
testa of compressor cascade blades at subsonic Mach nmumbers, which
was transiormod for these tests into a supersonic Jet. The necessity
of changos and the scsrce air supply that wes used simultanocusly
for other oxperimentel Installatlons caused & vury long porilod of
teating to be required; therefore, the tests wore comcluded long
after the theoretical anglyais was finishod..
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Apparatus and Methods

Tn order to inveatigate experimentally the properties of
diffusers with external supersoniec compression, three models were
designed for tests in the modified L-inch cascade tumnel. The
cagcade tunnel wae meodified in such & way as to permit supersonic
tests, and two-dimensional supersonlc nozzles were constructed
for obtalning parallel flow in the test chamber. The nozzlss were
made of wood; the surfaces therefore had a degree of roughness and
some waveg were produced from the small wrinkles and porosity on
the nozzle surfaces. These waves were of small intensity and
therefore were not considered to have any effect on the aerodynemic
phenomena of the inlets. The dimensions of the test chamber were
about constant for all Mach numbers and were of the order of 4 by
5 inches. The alr supply was obbtained fram a high pressure tank
which permitted the obtaining of relstively dry air and, there-
fore, condensation effects were not Important.

Tegts were made at Mach mubers of 1.33, 1.52, 1.72, and 2.10,
and a different system of tests was used for the different Mach
numbers. For & Mach number of 1.33 a completoly open jet was used
and the test-chamber pressure was made lerger than atmospheric
pressure to avoid choking effects. TFor tests at the higheoer Mach
numbers diffusers of different shspes were used to avoid lasrge
pressure ratiog for the start of supersonic fiow. Flgure 11 shows
schematlic sketches of the installstion.

The models tested had 2-inch diameters at the cylindrical part
and the Reynolds mumber of the tests (referred to the cutsids
diameter) was of the order of 3.5 X 106 for a Mach mmber of 2.1

and increased to 4.5 x 196 for a Mach numaber of 1.33. ALl the

models were dosigned in such a way o8 to maintain the same subsonilc
diffuser shaspe 1n order to avold the introduction of another parametor
in the aenalysis, snd therefore the models were mado with inter-
changeable coneg and cowlings for changing tho gecmsetry of the
supersonic part of the inlet. The supersonic pert vos designed so
that the same flow conditions were maintainod in the subsonic
diffuser for the same test Mach nuwmber while the same model was

used for the subsonic Alffuser and the mass-flow varistion system.
(Sce fig. 12.) '

The aerodynamic parameters consldered for the model designs
appear in figmre 13, in which a small shock is deslgned on +he
outside of the lip. The shock is produced by the lip that was
Pplaced at an angle with respect to the streamline in the tests, as
will be explained later. In & large-scale model this shock can
Probably be eliminated because the lip can be constructed with a
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smaller angle than the model; therefore, the corregponding drag
can be eliminated in full-scale models. The shock exists in the
models tested, however, and can be seen in the schlieren photo-
graphe. (See fig. lh.s

The intermal part of the diffuser was deslgned to have a
gradusl increase in section from the lip of the cowling to the end
of the diffuser. The divergency of the stream tube incroesed at’
tho end of tho diffuser and wae practically zoroc at the lip of
the cowling. The long throat at the minimm section was included
to reduce the separation due to the strang shock and to decrease
the effect of disturbances produced in the subsonic part, as is
shown by Kantrowltz of the Langlcy Laboratory or the NACA. The
average angle of divergency of the stream tube iz 3° (total). '

For every model and for overy Mach mmbor diffcrent teets
wore made with difforont valuss o pack prossure. Tho back pros-
sure was varied by moving tho poeition of a plug st tho exit of
the diftuser (fig. 12). Sovoral.combinations of conos end cowlings
wore tested. The modeols were designed with the followlng goo-~
motrical psrametors. The first model had a 30 conec asngle and 91

vas 42° (cone T, cowling I). Tho second__ﬁodci bhad the samo cono
angle but 65  was 46° (como II, cowling II). The third modol

had 2 25° cone angle and g, was choson to torrespond to the

inclination of the shock for the 250 cone for +tho seme Mach
number (2.60) for which tho shock is inclined 42° for the 30°
cone; the angle 8, . w:s 36.5° {cone ITI, cowling ITI}. .

Tho cowlings for those threc combinations mmst be designed
theoretically to have the . direction of the llps parallel to tho
streamlines. Becauso small-pcalc modols werc used, it was not .
possible to keep tie angle of the cowling nesr the 1lip as small as
is desired end ae must be the case for a full-scale model. Tho
angle was thorefores placed helf outside and helf inelde ths theo-
rotical direction of the stream on tho assumption that the com-
presaion ocutside can be svolded in a full-scale mcdel. The external
inclinations of cowlings I, IT, snd ITT wore 219, 130, and 17.29, -
respectivoly,. and the intormsl ‘inclinationa were 15°, 17°, and 15.2°,
respectiveoly. Cowling IIT, desipnod for the 25° cane model, wag also
tested vith cono I, and cowling IT was tosted with ccome I to deter=
nine the sensitivity of theo.phenomcna to emall variations of geo-
metrical paramoters. ’ o S '

Bocause no drag measuremsnts v ~ro md.é,_ the extornal shape of
the cowling was designed In accordance with asorodynamic criteria
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near the 1lip only “while in ’che back part orﬂ.:y' construc'bional :
criteria wers congldered. -

Resulta ancl Discussion

The values of 'bhe presem:e recovery o'btained. for the optimum
conditions (conditions of strong shock et the lip of the inlet) are
shown in figure 15 for the different models tested. Tn figure 16 .
the efficiency of the inlet 1s shown. This eff iciency is defined.
by equation (1) of reference 2 as .

T e (29) - @

Tk

For comparison the maﬁ.mlm :preesure recovery' and. cffic:.ency obtained.
experimentally for a type of inlet with intermal compression as 8,
func:uion oft tife free-etream Mach mmll'ier are also shoWn._ i .

The varia uiOIl of 'bhe pressure recovery ob'bained. when the mass
flow entéring the inlet decreases is shown in figwre 17. In this’
figure the pressure ‘rocovéry is. plotted. a8 & function of the ratic

~of the Ta s £flow considered to the maximuon HABE flow possi‘ble, a

ratio w.’aich-'is called. the relative mass flow‘

IH £1 gﬁz’e J.l.r eome echlieren photographs for different condi-
tions. of mass: i‘lew Into the.inlet are shownw The echiieren photo-
graphs show that when t}'e ‘mass. flow d.ecreaeee tue phenomena change

gradually.

The test results confirm the théo:-eﬁ'ical-'pned_ictione and show
that with an inlet with & central body higher presswre recoveries
can be obtalned than with an inlet with inbernal compression. The
tests also show that Tor a glven cone angle .and for a given Mach
numbey the pressure recovery changes very elightly ‘if the value
of 8; changes. It is therefore possible ta obiain very high

Pressure recovery for the flight conditions considered, as found
in the tests, and low drag I1f the inlet ls designed for the Mach
nwmber considered with a valus Of €, very noar o the value

of eB to eliminate the additive ipternal drag. In this case the

advantage of external compreselion in increoasing the pressure
recovery is not reduced by a large Increase in drag.

elbinneniiG.,

-
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Schlieren photographs show that when the mass flow 1s reduced
the strong shock goes outside of the intals and moves forwerd in
the direction of the conical shock. The conical shock becomes
curved, thus showing thet the exbternsl drag incroases but the
varia'bion is graduel. For the' low Mach number 8, vion the flow
behind the conlcal shock becomes subsonic, the varistion of the
maes. floy ohanges 'the sha;pe of the conical s_1ock wh,i‘ch. becomms
ourvsd. ; - .

. The- efficiency of the Inlet with external compression is . |
very high and therefore a large increase iIn the value of the thrust
coefficlent will be obtained using thie type of inlet, 1f the inlet
1s designed so as -to reduce the drag to a minlmm.

CONCLUSIONS

A new type of inlet with all the supersonic part of the g
deceleration outslde of the diffuser is analyzed theoretically,
and- it is -ghown’ that -thls arrangement permlts higher preseure . -
recovery-than an inlet’ with internal comprassien. It fs shown
algo that the .external superscnic compression can eliminate or
reduce all the discontinuities of flow characteristice which oXist
for a type of :imlot with internal compression when the flight Mach
numbeyr:-or-the mass flow decreascs from the values fixed by tho = ‘
d.esign conditions. Theo maximim mags-flow variation as a function
of the free-sitneam Mech number is Jlarger. than. for the inlet with - '
internal compression end: “the-law of varistion is dependent on the
anglc of the central cone. A design criterion is glven for’ reducing.
to a minimum the valué of-the drag’ ‘produced by the oxternsl 'supor- -
sonic compression whiok' can be high for aamo flight -conditions.” ' -

Experimental rosults conflrm the wvaluoa of tho theoro‘bical
analysls and show that 1t ile possible to obtain pressure recoveries
of the.order -of 95 porcent for Mich numbdérs from 1.33 o 1.52;" '
- 92 percont. for a.Mach number of the order of 1.72, and 86- percent
for a Mach number .of -the crdor of 2 .10, waluos, which are mack - ¢ -
highor than the corregponding values that can. be ob‘tained with an
inlet with internal compression S .

Langley MsmoriLal A.eronautical Labcratory .
National Ad.viso:cy Camittes for Aeronaubics
Langley F'feld Va.. Do L. b
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